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Abstract— The study investigated variability of selected 
soil properties of soils derived from different parent 
materials (that is false bedded sandstone and Imo clay 
shale) in the humid tropic. Soil samples were collected from 
horizons based on profile differentiation. Data collected 
were subjected to statistical analysis using coefficient of 
variation (CV) and correlation. There were variations in 
soil properties of the two studied areas. Results showed that 
soil properties differed in their degree of variation among 
the parent materials. Sand content had little variation in 
both soils (CV = 6.56 % and CV = 17.23 %) for false 
bedded sandstone and Imo clay shale respectively. Clay had 
moderate variation in both soils (CV =40.17% and 36.50 
%) for false bedded sand stone and Imo clay shale 
respectively. Bulk density and pH had little variation in 
both soils CV =7.30 % and CV =4.29) in false bedded 
sandstone while (CV =6.16 % and 4.85 %) in Imo clay 
shale. Organic matter varied highly in false bedded 
sandstone (CV =51.32 %) while in Imo clay shale it varied 
moderately (CV = 42.30 %). Organic matter had positive 
significant relationship with clay content in both so ils (r 
=0.98, 0.99, P < 0.05) for false bedded sandstone and Imo 
clay shale respectively. pH had a negative relationship with 
Available phosphorus in false bedded sandstone (r =- 0.45, 
P < 0.05) while in Imo clay shale pH had positive 
significant relationship with Available phosphorus ( r 
=0.96, P< 0.05). pH had non- significant positive 
relationship with organic matter in both soils (r = 0.63, 
0.06, p < 0.05) for false bedded sandstone and Imo clay 
shale respectively. A more intensive soil sampling from the 
study area with the inclusion of more parameters will 
provide a better and reliable representation of the 
variability of soil properties even at a regional scale. 
Keywords— variability, Pedon, Parent material, Tropical 
soils. 
 
I. INTRODUCTION 
         Most soil users in South-eastern Nigeria have 
regarded the soils to be the same in every respect simply 
because they are all in the same geographical locat ion. 
Information on variation in soil properties enable potential 
soil users to appreciate the behavior of the various types of 
soils in the region, so that they can be utilized appropriately 
to derive optimum productivity [3]. Soils exhibit 
tremendous variability in their biological, chemical and 
physical properties [20]. According to [18] variation in soil 
properties has long been known and has been the subject of 
much research. 
       Pedologists have  identified fundamental soil forming 
processes that influence soil properties: parent material, 
topography, climate, time and organisms [28]. Parent 
materials affect the morphological and physico-chemical 
characteristics of  the soils under the same agro-ecological 
condition [14][13]. However, living organisms such as 
vegetation also have an important role in  a number of 
processes involved in soil formation including organic 
matter accumulation, profile mixing and biogeochemical 
nutrient cycling [20] 
     [25] working on Alfisols of Southwestern Nigeria 
observed that soil pH was the least variable ( low 
variability) property, irrespective of depth. The variability 
of soil properties like organic matter, available phosphorus, 
total nitrogen and Cation Exchange Capacity, increases with 
depth. Properties such as pH and porosity are among the 
least variables, while those pertaining to water or solute 
transport are among the most variable. 
     Soils of South-eastern Nigeria are formed from diverse 
parent materials [26]. Information on how these parent 
materials and their corresponding pedogenic processes 
influence soil properties in South-eastern Nigeria is limited. 
[20] reported on the variability in soil properties in relation 
to topography. Based on the above, we investigated the 
variation in properties of soils derived from two different 
parent materials in South-eastern Nigeria. 
 
II. Materials and Methods 
2.1. Study area 
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The study was conducted in two different locations namely 
Amuro (Okigwe LGA), which has Imo clay shale as its 
parent material located between latitude 5° 48’N and 
longitude 7° 20’E and Mbiakpa Ibakesi (Ini LGA) which 
has false bedded sandstone as its parent material located 
between latitude 5° 25’ N and longitude 7° 44’E. The two 
study locations are in Imo State which lies between latitude 
4° 40’ N and longitude 6° 40’E and Akwa Ibom State which 
lies between latitude 5° 03’ N and longitude 7° 93’ E, both 
in Southern Nigeria Imo state lies within the humid tropics. 
Temperatures are high and change slightly during the year 
(mean daily temperature about 27℃) [21]. The average 
annual rainfall is about 2400mm and there is a distinct dry 
season of about 3-month dryness. Imo State has rainforest 
vegetation characterized by multiple tree species [26]. 
Agriculture is a major socio-economic activity in the study 
area. Agricultural crops mostly cultivated in the study area 
include yam (Dioscorea Spp), cassava (Manihot Spp), oil 
palm (Elaies guineensis) and maize (Zea mays). Akwa Ibom 
State also lies within the humid tropics with temperature of 
27℃ to 31℃. Average annual rainfall is about 2500mm to 
3000mm. Relative humidity of Akwa Ibom state is about 
75% - 80% [11]. 
2.2 Field study 
Prior to field study, a reconnaissance visit was made at each 
of the study locations  in the early 2016; and this was 
followed by field sampling.  Sampling sites were selected 
using free survey sampling techniques. One profile pit was 
dug at each of the various sampling site, summing to a total 
of two profile pits dug for the study. The study sites and 
profile pits were geo-referenced with the aid of a hand held 
Global Positioning System (GPS) receiver. The profile pits 
were described using [10] guidelines. Delineation of 
horizon boundaries was accomplished before actual sample 
collection for laboratory analyses and samples were 
collected according to horizons. A total of 30 soil samples 
were collected for the study. The soil samples were air-
dried, crushed, sieved through 2mm sized sieve mesh. Ten 
grams (10 g) of each sample was finely grounded and 
preserved for determination of organic carbon and total 
nitrogen. Undisturbed soil samples for determination of 
bulk density were collected using core sampler. 
2.3 Laboratory analysis  
The particle size analysis was determined using the 
hydrometer method [12]. 5% calgon (sodium 
hexametaphosphate) solution was  used vas dispersing agent. 
Gravimetric Moisture Content was determined by 
gravimetric method. This method involves weighing 
representative soil samples into moisture cans. Samples 
were oven dried and weight also obtained. Moisture 
calculated using formula 
𝜃 = Mw / M 
:. Mc = Mw / Ms X 100 / 1 
Where 𝜃 = gravimetric moisture content, Mt = total soil 
mass, Mw = mass of water, Ms = mass of solid particles. 
 Bulk density were taken in-situ  using core samplers. The 
samples collected were  oven dried after which bulk density 
calculated using the formula 
Bulk density {pB} = mass of dry soil =                Ms 
                            Volume of soil core sampler      Vt 
Bulk volume of soil = volume of cylinder = (𝜋𝑟2h) Where r 
= radius, h = height of cylinder. 
 Soil pH was determined using a soil pH meter and this was 
done in both distilled water and 0.1 N KCl in a soil water 
ratio of 1:2:5. The pH of the resulting suspension was then 
read from a pH meter. Organic Carbon was determined by 
acid dichromate digestion and wet oxidation method [29]. 
Organic matter was obtained from organic carbon by 
multiplying by 1.724. Total Nitrogen was determined by the 
regular Kjeldhal method [6].Available Phosphorus was 
determined using Bray 2 method [5].  
Exchangeable bases (Ca, Mg, Na and K). Exchangeable Na 
and K was extracted using 1N NH4OAC using flame 
photometer [16].Exchangeable acidity was determined by 
extracting the  soil with 0.1N KCl solution and titrating the 
aliquot of the extract with 1N NaOH [19]. Effective cation 
Exchange Capacity ( CEC) was determined by the 
summation of exchangeable cations (Ca²⁺, Mg²⁺, K⁺, Na⁺) 
and exchangeable acidity (H⁺ and Al³⁺). The summation of 
the exchangeable bases and acidity gave the effective cation 
exchange capacity (ECEC) value. 
2.4 Statistical analysis 
The data was analyzed using the Coefficient of Variation 
(CV) procedure, ranking of variability according to [4]. The 
percentage CV values were graded as little variation (0-
20%) moderate variation (20-50%) and high variation (50- 
100%). Correlation was used to determine the degree of 
relationship among soil properties of the different parent 
materials using SPSS.  The experiment was replicated two 
times. Only the mean values are reported. 
 
III. RESULTS AND DISCUSSIONS 
3.1. Physical properties of soil. 
The profile distributions of the physical properties of the 
soils are presented in Table 1. The distribution of clay down 
the profile showed moderate variation (cv 20-50 %) Table 
1. This observation is in line with [25] who stated that % 
clay range from moderate to high variability. The 
distribution of total porosity down the profile showed little 
variation (cv < 20 %) (Table 1). This observation is in line 
with [25] who stated that properties such as soil pH and 
porosity are among the least variables. The mean bulk 
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density values ( 0.73 – 1.55 gcm-3) recorded across the soils 
investigated were below the value quoted as the minimum 
bulk density at which root restricting conditions will occur 
(1.75 – 1.80 Mgm-3) [27] showing that the soils were not 
compacted [2]. Generally in normal soil bulk density ranges 
from 1 – 1.60 gm/cc [7]. Generally, bulk density increased 
down the profile pit in all the soils. The results of 
coefficient of variation analysis showed little variation in 
the vertical distribution of the bulk density values (Table 1). 
This result is consistent with findings by [3] who observed 
little to moderate variation in the vertical distribution of 
bulk density in soil of contrasting lithosequence in 
Southeastern Nigeria. Moisture contents of the soils showed 
little variations (cv < 20 %) among the soils. This result is 
contrary to findings by [3] who observed high variation in 
the vertical distribution of moisture contents in soil of 
contrasting lithosequence in Southeastern Nigeria. With 
exception of the pedon developed on shale, the distribution 
of moisture contents in the profile pit increased with depth, 
indicating that the epipedon contains lesser quantity of 
moisture compared to the sub- surface horizons and could 
be a reflection of the clay contents of these horizons. Clay 
has high rate of adsorption and can retain water easily. 
Moisture content increased with increasing clay content as 
the clay would cause impaired drainage especially at the 
sub-surface horizons [23]. 
 
Table.1: physical properties of studied sites 
Site Origin of soils Depth 
(cm) 
 Sand     
(g/kg) 
Silt 
(g/kg) 
Clay 
(g/kg) 
Bulk 
density 
(g/cm3) 
Total 
porosity 
(%) 
MC(%) 
 
 
Mbiakpa 
Ibakesi 
Falsebedded 
sandstone 0-20  842.4 80 77.6 1.45 45.30 
 
12.39 
 
  20-35 782.4 100 117.6 1.43 46.10 12.84  
  35-69 842.4 60 97.6 1.57 40.80 15.27  
  69-108 732.4 50 217.6 1.58 40.40 15.19  
  
108-192 
    
722.4 60 217.6 1.71 35.50 
 
12.95 
 
   mean 784.4 70 145.6 1.55 41.62 13.73  
  STDV 5.154 2 6.723 0.1132 4.28 1.40  
  CV 6.57 28.57 40.17 7.30 10.28 10.10  
Amuro Imo clay shale 
0-15 702.4 160 137.6 0.67 74.1 
 
19.00 
 
  15-25 622.4 180 177.6 0.70 73.6 15.00  
  25-50 522.4 155.2 322.4 0.73 72.5 17.80  
  50-69 482.4 156.0 361.6 0.77 70.9 19.30  
  69-150 482.4 170 347.6 0.77 70.7 17.80  
  mean 562.4 164.2 273.4 0.73 72.4 17.80  
  STDV 9.70 1.06 9.98 0.04 1.487 1.70  
  CV 17.23 6.45 36.50 6.05 2.10 20.5  
 
3.2. Chemical properties 
       The chemical properties of soil of the studied area are 
presented in Table 2. The pH values of the soils were 
moderately acidic with mean values ranging from 5.07 to 
5.89. The acidic nature of the soils shows the inherent 
characteristics of soils of the study area irrespective of their 
parent materials. [1]  [15] [3] reported similar findings in 
some soils of Southeastern Nigeria. The organic matter 
content of soils was low with a mean value ranging from 
0.64 to 2.69 %. Organic matter decreased with depth in all 
the pedons (Table 2). The higher proportions of organic 
matter at the epipedon could be due to the fact that most of 
the organic residues are incorporated or deposited on the 
soil surface. Top soil organic matter contents are directly 
related to organic carbon inputs and there have been a 
number of studies demonstrating improvements in soil 
quality and fertility after organic carbon additions [8]. The 
higher concentration of organic matter at epipedal horizons 
was further revealed by the moderate to high variation (cv > 
35 %) observed in the organic matter contents of the 
varying horizons in all the pedons.  
       The nitrogen content of soils was low with the mean 
total nitrogen content in both soils being 0.01 %. However, 
the nitrogen contents of the surface horizons were higher 
than the sub-surface horizons and may be attributed to the 
organic matter contents of these horizons. The higher 
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nitrogen at epipedal horizons was further revealed by the 
moderate to high variation (cv > 35 %) observed in the 
nitrogen contents of the varying horizons in all the pedons. 
The Effective Cation Exchange Capacity (ECEC) of soils 
was generally low with the mean value ranging from 2.57 to 
2.99 cmolkg-1. Soils of South-eastern Nigeria had earlier 
been reported to be made of low ECEC and basic cations 
[24] [22]. 
 
Table.2: Chemical properties of studied sites 
Origin of 
soils 
Horizon pH(H20) Om 
gkg-1 
TN 
g/kg-1 
Av. P 
mg/kg 
TEB 
(cmolkg-1) 
Al 
(cmolkg-1) 
EA 
(cmolk
g-1) 
ECEC 
(cmol
kg-1) 
BS(%
) 
A l 
sat 
(%) 
False 
bedded 
sandston
e 
           
  
Ap 
 
6.01 
 
26.40 
 
1.24 
 
13.38 
 
1.62 
 
- 
 
0.44 
 
2.06 
 
78.64 
 
- 
 AB 5.60 24.70 1.18 3.15 1.05 - 0.46 1.15 69.53 - 
 Bt1 5.61 23.60 0.80 10.85 2.03 1.04 0.41 3.48 58.33 29.88 
 Bt2 5.43 9.80 0.88 18.83 1.87 1.01 0.35 3.23 57.89 31.32 
 Bt3 5.41 6.40 0.69 11.76 1.43 1.03 0.46 2.91 48.79 35.34 
 mean 5.61 18.20 0.96 11.69 1.60 0.69 0.42 2.57 62.64 32.18 
 STDV 0.241 0.93 0.02 5.69 0.38 0.59 0.05 0.96 11.58 2.87 
 CV(% ) 4.39 51.33 25.00 48.50 24.00 85.80 0.85 37.20 18.49 8.92 
Imo clay 
shale 
           
  
Ap 
 
6.50 
 
26.90 
 
1,20 
 
7.42 
 
2.14 
 
- 
 
1.40 
 
3.54 
 
60.45 
- 
 A 6.60 23.00 1.08 2.52 1.14 - 1.00 2.14 58.51 - 
 Bt1 6.11 14.80 0.86 0.35 0.92 - 3.40 4.32 21.29 - 
 Bt2 6.05 11.00 0.50 2.66 1.33 - 1.20 2.53 52.57 - 
 Bt3 5.90 10.70 0.44 2.54 1.14 - 1.00 2.14 52.27 - 
 mean 6.23 17.30 0.96 3.11 1.39 - 1.60 2.99 49.04 - 
 STDV 0.30 0.73 0.06 2.58 0.46 - 1.02 0.91 15.93 - 
 CV (% ) 4.85 42.30 58.33 82.96 33.17 - 63.75 30.57 32.48 - 
 
3.3 Relationship among selected physiochemical properties .  
The relationships among selected soil properties are shown 
in Table 3. The result shows that organic matter had a 
positive significant relationship with clay in all the soils 
suggesting that organic matter increase as clay content  
increases  ( r = 0.97,0.99 P< 0.05).Soil pH had  significant 
positive relationship with available P  in Imo clay shale (r 
=0.96 P< 0.05) while in false bedded sandstone, it had no  
significant.  Similar result had been reported by [9] [17][20]  
on the relationship between pH and available P. The 
significant relationship between P and soil pH is an asset in 
soil management as status of soil pH can be used to predict 
P-availability and unavailability for crops. This is critical 
since P- anions react quickly with some cations such as Al, 
Fe and Ca to become less soluble even with slight pH 
change. Organic matter had a non significant negative 
relationship with available P in false bedded sandstone (r =-
0.45 P <0.05) while in Imo clay, shale it had non significant 
positive relationship (r = 0.73). [20] reported a non 
significant relationship between organic matter and 
available P in an upperslope and midslope of a river slope in 
southeastern Nigeria. 
Table.3: Relationship among selected properties of soils in the study area  (n = 5) 
Site Soil property r 
Mbiakpa Ibakesi (False bedded 
sandstone) 
Soil pH Vs OM 0.64NS 
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 Soil pH Vs Av P -0.45 NS 
 O.M Vs Av P -0.45 NS 
 OM Vs clay 0.98 ** 
Amuro (Imo clay shale) Soil pH Vs OM 0.06 NS 
 Soil pH Vs Av P 0.96 ** 
 O.M Vs Av P -0.73 NS 
 OM Vs clay   0.99 ** 
 
IV. CONCLUSION 
From the results, five diagnostic horizons in soil taxonomy 
were recognized and defined on the basis of clay movement 
and illuviation, horizon thickness, organic matter content 
and presence of anthropogenic activities. Soil physico-
chemical properties varied in many respect. However, large 
scale studies may be necessary in future investigation for 
increased accuracy of prediction. In addition, more 
attributes of soil resources should be investigated to create 
greater confidence. 
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